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E LEVATION of arterial pressure has been found in patients during attacks of angina pectoris1-3 and relief of exertional angina has been reported in hypertensive patients following satisfactory control of hypertension.4' 5 Further, anginal pain has been found to occur in hypertensive patients during lowering of arterial pressure. 4 Although these observations suggest an etiologic correlation between angina pectoris and level of arterial pressure, this has not been adequately established. The present study was undertaken to determine the possible relationship between arterial pressure and exertional angina pectoris in hypertensive patients with and without coronary arterial disease.
Methods Seven hypertensive patients (four women and three men) in the Research Ward of the Cleveland Clinic Hospital with unequivocal history of exertional angina pectoris of the functional class II were studied. Coronary arteriography by Sones' technic ;6 revealed segmental disease of the left coronary artery in four and of both coronary arteries in one (fig. 1) ; the remaining two were found to have normal coronary arteries ( fig. 2) .
Radiographic, as well as electrocardiographic, evidence of left ventricular hypertrophy was present in all. None had a history or electrocardiographic evidence of recent or remote myocardial infarction.
The five patients with coronary arterial disease had not taken any antihypertensive treatment prior to the study and during the study had moderate to severe hypertension; the two patients with normal coronary arteries had received guanethidine A 59-year-old man with severe hypertension, angina pectoris, altd segmental disease of both coronary arteries. A. Exercise prior to treatment with guanethidine. Marked pressor response occurred, followed by angina pectoris and electrocardiographic changes.
B. Similar exercise as in A (the same day). Intravenous sodium nitroprusside during exercise eliminated the pressor response and prevented angina pectoris and electrocardiographic changes. C. Supine exercise after 2 months' treatment with oral guanethidine. Marked arterial pressure changes, angina pectoris, and electrocardiographic abnormalities did not occur.
pressor effect of exercise inhibits induction of angina pectoris is not clear. Arterial pressure is one of the most important constituents of the work of the heart, and angina pectoris may be relieved by decreasing cardiac work. It is therefore probable that in hypertensive patients reduction of cardiac work by eliminating the pressor effect of exercise is a significant factor in preventing attacks of exertional angina pectoris. Tachycardia occurring during exercise has been suggested as a possible cause of exertional angina pectoris.2 In our study, increase Circulation, Volume XXIII, June 1961 in heart rate was not an important factor because it also occurred when the angina pectoris was prevented with administration of sodium nitroprusside.
The possibility of a direct action of sodium nitroprusside on the coronary arterial circulation has not been completely eliminated. In two patients in whom we had the opportunity to perform coronary arteriography before and after intravenous administration of sodium nitroprusside, we did not observe dilatation of coronary arteries similar to that seen in patients following administration of nitro- Figure 5B The five patients with coronary arterial disease developed, during exercise in both positions, striking arterial pressure elevation followed by angina pectoris and electrocardiographic changes. When the pressor response to exercise was eliminated by intravenous sodium nitroprusside, these were prevented.
In the two patients with normal coronary arteries who had orthostatic and exertional hypotension secondary to antihypertensive treatment, exercise in the sitting position caused intense hypotension followed by angina pectoris and electrocardiographic changes. In contrast, exercise in the supine position, which caused only minimal pressure changes, was not followed by angina pectoris.
It is concluded that in hypertensive patients with coronary arterial disease, further elevation of arterial pressure during exercise is an important factor in precipitating angina pectoris by increasing cardiac work. In hypertensive patients with normal coronary arteries and exertional hypotension secondary to antihypertensive treatment, marked lowering of arterial pressure during exercise is a factor of importance in producing angina pectoris, probably by reduction of perfusion pressure and coronary flow relative to the hypertrophied left ventricle. 
